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ABST RACT OF Til Li DISCLOSURE 
Atj electrode device Tor electrically hinting underground 
deposits of hydrocarbons such as oil s an.il or oil shnto, P Jural 
well pipe sections are Joined through insulated pipe joints with 
an electrode connected through one of the insulated pipe joints 
to a lower one of t)u? pipe sections. Each of the insulated pipo 
joints includes a first tubular member having a flange portion 
At one and UifcTKof, d second tubular member having a cap portion, 
at one en<t irhich is received in the fJtm.go portion of the first 
tubular member with a gap therebetween, and an insulating member 
disposed i.n the £ay lor hermetically coupling the first and 
second tubular members and for electrically insulating first 
and second tubular mambsr* from on© another. 



BLltfrraoCIE DEVICE FOR KLfcCTRlCALLY HEAT TNG 
UNDliKCStulWD DEPOSITS OF HYDROCAllBOXS 

BACKGROUND OF TKE INVENTION 
The present Invention relates to an electric device 
used to electrically heat umSor ground deposits of hydrocarbon , 
More specifically, the present invention relates t<] an electrode 
5 device which is used to supply eloctrlca.l power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a Sower viscosity and higher fluidity in order 
to jnoro easily remove' thera from the veil. 

Tho term 11 hydro carb cms n as used hereinafter means 
10 ■ petroleum or oil, bitumen contained in oil sand [also called 

"tar sand") and kerogen contained in oil shale, These will all 
be referred to as ''oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 
15 either by gas pressure coexisting ixi the oil layer or by forcing 
a liquid such &s brine into one well to forco the oil to flow 
out of another well. However, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of making the oil fluid is to heat: the 
£D oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different type* of oil. 

There have hoen proposed as oil layer heating methods 

i. ) : 

I 
I 
i 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so That it may 
S be burned, and the jise of explosives. The last two methods are 
difficult to coivtTDl, .sq that they are pot in gonoral 115 

According to the method of injecting the hot water or 
water vapor at a high tempera turo and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho oil to 

10 ' cause the fluid oil to flow out to the ground .surface. If, how- 
ever, some regions of the oil deposit have a low resistance- to - 
the flow of hot water or water vapors or there are voids in the 
oil layer r the water or vapors may collect In these regions and 
fail to diffuse throughout the whole layer. Moreover 7 if the 

15 oil layer is solid and dense, the hot vateT or its vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical pow&r is perfumed 
by drilling a plurality of wolls in tho oil layer and "by establish- 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough. This technique is 
advantageous in that the oil layer can be vholly ha&ted with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil, 

25 For improving the oil producing efficiency, there has 
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further been proposed a nut hod which includes a first Step of 
hearing the oil lay or by electrical resist mice heating and a step 
of injecting hot water or water vapors at a high tempera lure and 
ondtrr a high pressors when the gi.i layer becomes soft, while con- 

£ tiniuhg the heatirfg so that ths resultant fluid ail may he pumped 
Dut. In order to efficiently heat the oil layer, tho electrode 
device must be sufficiently electrically Insulated thtit the leak- 
age of electrically current into underground portions other than 
the oil lay«r is avoided as much as possible. The electrode de- 

10 vitia 5..S also required to he unhrcHkable with respect to the under- 
ground so ii pressure, the pressuxc of the vapors which are gener- 
ated by the heating iteration, $.nd the pressure of injected hot 
water or hot high pressure, water vapors. The electrode dovice 
is further required to be free from loafcaga of hot water or hot 

IS high pressure water vapors. 

Xn order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil santJ will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Vene2uela and the United States. 

The oil in the oil sand is typically mixed vith brine between 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 



a river bat J» most often located ©nfctjrely undorijroiind at » 
dopth.of 200 to 500 ra who. la having a thickness of several tens 
of; .meters, fcue to consideration of economy And environmental pro- 
tection, it it necessary to separate wit the oil underground and 
to ex tract only the oil froiw the well. Moreover, since the 
extraction Of oi). from a Shallow undcrgroand layer is Accompanied 
by a dan 3 er of subsidence, it is desirable to extract oil only 
from underground layers Jyintf deeper than 300 jru. 

Further aspects of the background o± the invention and 
the invention o.f the present application are described with 
the a&sistance of the accompanying drawings in' which t 

Vig* 1 ia a schema tic sectional view showing a 
conventional prior art installation of the general type with 
vhich the invention is utilised; 

Uig« 2 is a irros 8 -sectional, view of an insulated pipe 
30int of the invention; 

Fig* 3 is a oro»s- a actional view showing several joined 
pipe sections, an electrode and insula fc*d pipe joint* in accordance 
vith the invention r and 

Pig*. 4-7 are a" series of cross- sectional vie^s 
illustrating the use Of insulating coating* in accordance with 

the invention - 

Fig. 1 illxi strata is the' heating of an oil sand layer . 
by electrodes couplud to a power supply- in J?ig. l, reference 
numerals 1 and 11 indicate main guide piper* made of steel, 2 
and* 12 indicate insulators }olnca to the main guide pipes 1 arid 

11, a and 13 indicate electrodes joined to the insvlators 2 and 

12 , perforations axe formed in the electrodes 3 13, and 4 and 
14 indicate cables for feeding an electric currant to the ele- 
ctrodes 3 and 11. This assembly ia hereinafter called together the 
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'■electrode device". Rcfex-en<^ numeral S indicates n power 
aouroe, 6 ina*.catftf? an oil 3£md lr?yer r 7 indicates an ulCCtric 
current Qovinq bet-veen the clcctrodp.B 3 and 3.3, B indicates the 
grouucS surfucxi, S indicates an overburden layer,, and 10 in- 
dicates a layer below the nil saoci layer, 

When a volt aye is a^pl i.ed to tho el.ectrodcc 3 iand 
13 which arc buried in the oil Rand layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 llowG in 
accordance with the electric rao Issuance of the oil »and layer 
6 as a result 



of v/hlch the oil sand layer 6 is heated by Joule or resistance 
heating. Although the current 7 paztSally flows into Cho over- 
burd Bn layer 9 and tho Itiyer 10, the leakage is iBaintain^d at a 
low level because the insulators Z and 12 are interposed between 
the main guide pipes 1 and 11 and tho electrodes 1 and IS. After 
the oil sand layer 0 has been warmed r the powor supply is inter- 
rupted. Hot water or water vapors- at a high temperature under 
a high pressure are then forced from the upper inlet of 6ne main 
guide pipe I of the electrode device and flnw through the oil 
saTjd layer 6 until they co:r,s out of rha other main guide pipe • 
11 carrying the oil, m order to improvD the flow rates of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes 5 and 13. 

Since the upper portions of the insulators 2 and 11 
are connected to the main guide pl^es 1 and 11 and the 1 otter 
portions are connected with tha electrodes 1 and 13, a down- 
ward tensile stress is always applied to the insulatDv.s, Mor'e- 
over, since the assembly can be at a temperature as high as 
250*C to SOO^C, the insulators should bo ahle to withstand such 
temperanrres . Also, since the insulators 2 and 12 are buried 
underground as deep as several hundred maters Kith the electrodes 
S and 13 suspended from their Lover ends Kith the upper ends 
thuveof connected to the Knain guide pipes 1 and 12 ^ the insulators 
1 and 12 will almost certainly contact or collide with the well 
walls whilu they are lowered into the well. Because of the 



groat total weight, any flight contact will impose a hijjh jnechi- 
nical impact upon the insulators 2 and 12, There rove, the 
insulators 2 aad 12 «tc required to be able to withstand anticipated 
levels of mechanical impact. 

5 In an electrode device which heats an oil sand layer 

when it is supplied with electric current, a major problem is 
that the olectric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions , they cannot. generally 

10 be precisely stated. However, avorage values are luDft-m For 

the oil sand layer and li»fl-T.S0*l~m Tor the overburden layer. As a 
result, if an electric current is supplied to two electrode devices 
which &re constructed by connecting electrodes to guide pipes m*de 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, rciQS* of th© current will be consumod in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various at tempts haire been made to provide insulators 

20 which satisfy the aforerae tniosied requirements. In one such 
attempt, flanged tubular members made of me-tal btb coated with 
an organic I'esin which provides a high resistance to heat. An 
appropriate material is polytetraf luoro ethylene resin (faT example 
,r Tef Ion™ 1 ' -which is trade name of du Pont) . with this 

25 construct Ion > insulating members are provided which are 

satisfactory in their ability to withstand a suspending load 
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and mechanical impact forces, However, i t Im.s proved quite diffi- 
cult to coat the flange portions satisfactory with the insulat- 
ing material. Moreover, even if satisfactory insulating char- 
acteristics, are provided at room temperature, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions t duoD to repeated therrcial expansion and contraction 
such hs is typically encountered in normal operating conditions* 
If the insulation coating is brolcon or caused to flake off, the 
insulators thus produced become useless. 

10 c* second attempt, porcelain iiiatori&l has been used 

for forming the insulators. Howevor, it \s also necessary in 
constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics *ith respect 
to the connection between the main guide pipes 1 an -<* J.l the- 

15 cliictTodes 3 and 15 e.s w"b11 as between the insulating member. 
Tho connection has generally been made by shrink fitting metal 
piptjs on the outer peripheral surface of the porcelain pipe and 
then conneercd with otber metal pipes ordinary techniques sucb 
as welding or attachment with hnl.ts* With this construction, 

20 although the wall or oil tight characteristics may bo acceptable 
at room temperature, the strength of the shrink-fitted joints 
tends, to drop as the temperature is increased so that the abi- 
lity to support the suspended load is correspondingly lowored, 
MorcorBT r breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of the shrink 
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fitted areas. *n order to eliminate such drawbacks, there has 
been proposed thg use of a porcelain pljie having ends formed 
as flange portions with the flange portions fastened to jiietul 
pipes witli packings interposed between the contact surfaces. 
5 With this iron.strucri.on> the above- stated requirements 3 re met 
at room temperature. However T the water and oil tight scaling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover* porcelain intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to he broken by a. mechanical impact force such as i.s ordinarily 
encountered while tho assembly is lowered through the> well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidably defect that there is a high tendency of breakage. 

Yot .Eurther, insulators foiitiod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 

a. high strength at room temperature And a.r& quite good electrical 
insulators, roost of tlie compounds of this general class are not 
particularly heat resistant. Speci f i cally^very few compounds 
of this. type are known which are resistant to hot water or tfatcr 
vapor aL high temperature antl under high pressure. 
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SUMMARY OF Tito _TN IVDNNJOW 
In accordance with the invention, there is i>roYided 
an clactrode device for electrically heating underground deposits 
of hydrocarbons including a plurality of well piue sections , 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to The under- 
ground deposits, a plurality of insulating pipu joints exch 
Including a first tabular member having a flange portion at one 
end thereof, a second tubul3r member having a cop portion at 

10 one end thereof adapted to be received in the flan&fc portion 

of the first tubular member with a gap th prebfttween and an in- 
sulating member disposed the gap between the flange portion 
and the c^p portion for hermetically coupling the first and 
second tubular members while electrically Insulating them, from 

IS one another And with the insulating pipe Joints being usurf to 

couple at least some of the pipe section? together and the e.lec* 
trade to one af the pipe sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least some Of the insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
£ilp between the flange portion in the Cup portion and second 
insulating portions disposed adjacent inner and outer surfaces 
i>f the tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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1 insulating member of ear^h of the insulated pipe .jamtCi i^ juado 
of a gluss-jnicci uiolding formed Hrom ywderc of glass and taica. 
An insulatincj coatincj may be provided on ah leufct a portion of' 
the outer £>arHace of tho insulated pipe; joints. This coating 
ro&y be a reiiin' of polytfctr^fluorDuthyleJiu , a resit) of <3\pl*jenyl 
oxide. Moreover, a protective layer of insulation can be 
proyi^ed around at loafjl- » portion of tb« inimlating coating. 
l?he pro lee live layer may bo an inexpensive material such as 
polyethylene, pi>lypropylent> or polyvinyl chloride*. 

10 Further objects and advantage e of the invention will 

appear from tha following description taken together with the 
Accompanied drawing. 

in accordance with the invention, there ic provided 
an Bleutrical heating electrode device which is entirely free of 
the: above-mentioned drawbacks* A preferred embodiment or 
the otloctrodo device of. the invention will be described in detail, 
£irBt with reiteronce to Fig. 2 which shows a crocs- sectional 
view of an insulated pi£>& joint 2i which is Utilised with the 
ao electrode device of the invention. 

The pipe joint generally designated 21 in Figure 2 
comprises four basic elemental 

a first tubular member 22, a second tubular member 33, 
a cylindrical sleeve-like- eovsr member 2$, and an insulating 
mambsr 35. 

9 i K he first tubular JTiOAiber 22 compris&c ft cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 2 A at a luwor end at; shown. 

The cecono" tubular member ^3 compriRea a cylindrical 
30 tubular portion 30 with a radially outwardly extending hub portion 
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^ 25 at an upper end shown* The into.rior diameter of tubular 
portion 30 of th£ stieupd tubular jimmber 33 is ehovn identical 
to the interior diameter, of tubular portion 23 of the first 
tubular Tflewbur 22, 

Hub portion of the. 2nd tubular member 33 is provided 
with an internal annular recess 31 as shown. Huh i^ortion as 
is also provided with external thread b 32 which inate with 
threads 28 .on cover member 29 to be decor ibed, 

Slceve-likc cover jnember 29 comprises a cylindrical, 

to tubular, drum- like portion 26 with internal threads. 2 8 at one, 

lover end as shown in Figure 2 and a, ra.dn.al3y inwardly extending 
cap portion 27 at the other upper end. A? sbovm, tubular portion 
26 has a larger internal disuuete-r that the external diameter 
oC Jlango portion 24 of the first tubular member 22 bo as tD 
provide a gap therebetween to be occupied by Ansa Lading member 

Cap portion 27 of coyer member 29 has an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first- tubular member 22 so as to form a gap therebetween. The in- 
ternal diameter of cap portion 27 is smaller thwn the external 

20 diameter of finiiuG portion 24 of the- first tubular member 22. 

Preferably the first tubular member 22, second tubular 
member 33 and cover member 29 are made frorci steel. 

Insulating member 35 includes an. ou.uex .circvinf erentially 
insulating portion 36 which surrounds: external surfaces of 
tubular portion 23 of first tubular jnember 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion 25 Df the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the Recond tubular member 

30 33, hs may be- Been, insulating- member 35 comprises an integral 
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I m<L*Mjt>r ox t- ending frotn portion 36 thereof to portion 37 thereof. 
Integral insulating member 3*3 thus spaces surfitucS Ol" the CirCJt 
tubu^ar member 22 from surf acre* of second tubular merabor 33 and 
cover member 29 by a gap occupied as seen in figure 2 hy insulating 
xnemb&r 35- Insulating ittamher 35 insulates first tubuiax member 
22 from contact With Socund tubular member 33 and cover member 

U'ith cover member 29 screwed down onto second tubular 
member 33 as shown in Figure 2, flantfG portion of first txibular 
JO member as encased by iixsulatD.iig member 35 ia s&iidwi cheel between 
cover mciobc.r 73 and the upper end of hub partion 25 of the 
second tubulax: member 3 3. vheroby instating menLbBr 35 a^y form 
& horwatic seal botweon fir&t tubular member 22 and second tubular 
member 33, 

JSy screwing cover member 29 onto, second tubular 
tneflber 33 , first tubular: iruDmbor 22 may be firmly, sealahly coupled 
to second tubular member 33 yet insulativeiy isolate, r.^e.refrom- 

m assembly; first tubular portion 2.2 may bo inserted 
through cover member 29 following which cove?: member 29 may be 
20 screwed onto second tubular portion 33. The insulating member 
35 may be se&n to occupy a cjap between, the first tubular member 
22 and the combination of the second tubular member 3 3 and CO VOX 
member 29. 

PxofGrably, the entire insulating member is* made of 
a competition of glass and mica and is formed by a molding pro- 
cess. The insulating afteiab^r i& formed by hoal'lng a mixture of 
powers of glass and mica to a sufficiently high temperature 
that tbo mixture become b fluid. Once the mixture is fluid, it 
i* pressure molded us. 2.119 a ™>l-d of appropriate shape. The For- 
3° nation of the insulating member 35 will be deacirbod In more 
de tai).. 
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Tho first: tubular uiembor 22 and th« Becond tubular 
member 33 are assembled to be positioned as shown i.u fr'ig. 2 emd 
Are heated to a predetermined temperature* Tho two tubular 

membuxs at tho o lev* ted temperature arc fitted into a ^old, 
Naxt, 3 mixture of glass and Tftica powder n is pre£»ared by pre- 
molding the Mixture into the form of a preliminary molded member 
of a cylindrical shape which tfill Sit i* tho gay between the 
tubular portion 23 of tbo first txibular member Tl and cover member 
2d. The preliminary molded member is heated to a predetermined 
temperature And fitted in the <*ap in a heated condition* Nertt, 
a pxeesiure ie applied to the preliminary molded member before 
it cools to force the- material of the fibber to 1'lOv/ into the 
gap betwe-en the first and second tubular members and into the 
internal annular recess si in thfc second tubular member 33. 

jror the material of the preliminary molded member, 
45 wtfc of, glass powder prepared by r>ulve rising a ylaze utsed for 
anamel coating steel objectB, co/am8rcially available as Product 
Wo. 2312 of Nippon Fexxo, htd. T to a ciae of 2 00 mesh mi*ed with 
55 wtft of mica powder o± synthetic phlogopolte of a size of 
GO to 200 roe&h. 5 wt% of water is added to the resultant mixture 
to.^et it so it can he molded. 1500 cjm d±" the tfstted mixture 
is molded using a cold pressure molding process to form a cylin- 
drically shaped body using a mold (rvor. ahDwn) . The preliminary 
molded dumber wae disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35 ♦ 

Ap described above, the cove-i: member 29 and tha bub 
portion 25 are- joined by screw threads. However, the invention 
ia not iiwitefl tliexoto as the cover membex 29 and the bub por- 
tion 2T> can be 30ilie.d by ^aiding. 

in an alternate embodiment, the cap portion 27 of 
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20 



30 



the cover member 29 i» divided into four quadrants two of whic'n 
axe removed. 'i:hs flange portion 24 of the first tubular .member 
22 if; l:hen out *uck that the remaininrj part o£ the II cin<j« portion 
24 can fit through tht? two reoaovod quadrants o£ thts onp portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 of the covei' member 29. 

Wi L'h the insulated P?P* joint describee? above., a ten- 
sile forca imposed on the ends of tha joint is converted into a 
compreBBive force which acta between the cap portion 27 nnd 
flange portion 24, Since the compression Fl.xength of the insulating 
meiftbur 35 of the typo described is much greater than its tensile 
strength and since the force por unit area can bo sui fably set 
by adjuctJjicj the extend of the area on which the compressive 
forces arc applied, the resulting assembly is quite strong and 
abla tD ^itha*tancl hiefh t6fttfils forces imposed on the ends of the 
joint. 

JVt high toifipcraturefi, for instance 30Q°C, the beat 
iresiiBtant characteristics o± the insulating iaembor are primarily 
determined by the thermal characteristics of the glass raatcrial 
uaed as Khe starting material. Particularly, the transition 
temperature of this wato.rial is important. If the transition 
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temperature U, for instance, i« a range of 5Sft *C to 600 *C. 
a high mechanical strength for the overall assembly will be 
preserved to a temperature Df at least 300*C* 

Xith icspect to the resistance to mechanical impact 
forces, the mica powder which is used to form the Insulating 
mewbar is composed of particles havinfc a flat shape wherein, 
the ratio of the diameter to the thickness of » single scaTe 
particlo is generally in a .range of 30 to 50:1. Due to the 
pre-scincc of the scale particles, the molded insulating membot 
has a laminated form thereby providing it with a hl&h elasticity. 
This high elasticity would not he present if the insulating 
member were formed only of glass powders. »uc to the laminated 
construction, the insxilatiii* member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
Impact f areas then is * prior art type of insulating member .uade 
of an inoxgaTiic compound. Therefore, the insulatiAfc member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the topical impact forces which arc en- 
countered during the use of the structure. 

Next, the construction of a preferred eiikhodiment 
of an. el dc t rode device of the invention utilitinfi the above - 
doscribed insulated pipe joint 21 will be given vith reference 
to V"ig. 3. Reference numerals 1 to 4 used in Tig. 5 indicate 
similar components as those of Fig, 1. The rightband half of 
Vi£s 3 shows the completed structure of- the Insulated pipe joint 
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21. As snown in the figure, the insulating member 2 includes 
tKD insulated pi.-pe joints 21. One end of the insulating member 
2 is connected to the pipe 1 and the other to the uleetrodu 
3. These connections may bp made by weU-k^owa techniques such 
as molding ox by the use of screw threads. 

As p iu accordance with the invention, the completed 
Sn^ulH-tud pipe joint 21 has a common throughhole of constant 
internal diameter* the assembly and use thereof is quite ewy. 
For instance, the provision of the above-described partitions 
is quit& simple. Oi cmtrfit, mare than two insulated pipo joint s 
Z'l can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the case bTino having a high 
salt concentration is used 7 the outer surface of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substanc* Having a sufficiently high heat resistant property. 
This is shown in the Icsfthand paxt of fitf. S. For example, the 
coating 41 can be formed by shrink fitting a "Tcfloi^^" tube. 

Aji described above, in accordance with the invention, 
tho pipes and tha oloctrodus arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flajige portions thereof. Since 
the compression strength of tho insulating' member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h L^uitB high mechanical, strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

Yet further, the coating 41 and the insulating members 
2 and 1Z of the electrode can be formed from other materials* 
To determine what materials are best for these members, tests 
vfere conducted to investigate the resistance of various organic 
polymeric compouu-ds to hot water and v/ater vapor at high tempoTature 
10 and under high pressure. The compounds investigated are listed in 
Table 1 herein 

Regarding the tests, test piocQs of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2-liter autoclave containing pure 
15 water. The autoclave was hold at 280" C at an internal pressure 
o£ 6fi kg/cm 2 for a period of 10 days. Tht* autoclave- was then 
cooled to a room temperature and the test pieces veto checked for 
appearance. The results arc presented in Table 2 from which it 
can be seen that hot v/ater and steam had » much more adverse* affect 
20 than dry heat. Of the materials testod, only polytetraf luoroethylene 
resin and diphenyl Oxide resin war© acceptable. 

A coating of icater. and stoam resistant resin can be 
formed, aiound the pipe 1 by repeatedly applying coatings of the 
material end baking the assembly until the desired thickness is 
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obtained. Also, a coating or the heat Tcsistant revsn can be 
formed by i : irst preparing a tube ol tho resin having an inside 
diameter slightly larger than the outside rfiameLer of tho pipe 
l:.and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it m*y be wound directly around 
the pipe I and then fusion -bonded if necessary. As described 
above, a heat --shrink able tube of polytetraf luoroethylcme can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, whon the assembly including the 
10 electrode 3.5 inserted into the oil veil, there is unavoidable 
contact .with the inner wall of the well so that the heat 
resistant insulating coating may be damaged. To prGvcnt this, 
protective coating or insulation 16 may be formed around the 
insulation IS as shown in Pig, 5. Since the protective coating 
XS of insulation 16 may melt or collapse if the electrode is 

exposed to high temper attires, it can be made of an inexpensive 
Tnatevial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. Howler, a single section of the steel pipe that 
makes up the fuide pipe 1 is only about 10 m in length. To join 
the pipe sections, each pip© section is provided with a taper 
thread on one end and the pipe sections are joined by screwing • 
the* together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
coupling. To accomplish this, as sho**i in Fig, 6, steel pipes 
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1A and IK are covered with the coaUug of heat resistant insulat- 
ing material ISA and 1FR cmd arc joined by a ccwpling IV. A 
coating of bent -resistant insulation 15C is formed around the 
coupling extending into adjacent areas, A heat-shr inkable tube 
£ of a poly tetrafluDroethylejie is particularly suitable in this 
case. 

To protect the* insulating coatings from direct contact 
with the inner vasl of the v/ell, stool pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
10 15A and 15 B and protectee coatings of insulation ISA and 16B 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated with the heat resistant insulation 15C and tbon a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shown in Fig* 7. 
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1A and lb are cr>v&red \fith the coaUug of heat assistant insulat- 
ing material ISA and I5R and arc joined by a coupling 17* A 
coating of heat resistant insulation 15C is formed mound the 
coupling ex t unding iisto adjacent areas, A heafc-shxuikable tube 
S of a ^Dlytetrafluoroethylene is particularly suitable in this 
case. 

To protect tha insulating coatings from direct contact 
i?ith the inner vail of the well, sto*! pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
1(1 ISA and 15B and protective coatings of insulation 16A and 16B 

are fixst joined through the coupling 17, Thereafter > the coupling 
16 is coated with the haat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as sliofcra in Fig, 7. 
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Table 2 



Sampl e Appearance 

A OK. 

B " I'uTTied into a lump, 

C Po* 

j> ' CgJ-lapsed 

EI 

B2 Dd - 
F 

6 ' Turned into a lump. 

H Glass whitened 

(Resin came ap^rt) 

J Do . 



WHAT IS CLAlKlil) 

l« An electrode device for electrically heotins under- 

ground deposits of hydrocarbons comprising : a plurality of woll 
pipe sections; an electrode adapted ti> ho dispnsud in an -under- 
ground deposit of hydrocarbons for .supplying 37\ electric current 

5 to said underg round deposit; a plurality of insulated pipe joints 
each including a first tubular member having a flange portion 
at one end thereof, a second tubular member having a cap -portion 
at otic «nd thereof adapted to be received in so id i'lange portion 
of said first, tubular member tfith a x^V thorebctweon, and an 
10 insulating member disposed in said gap betKe&n sai.d -fl an gR/ por- 
tion and said tap portion for hermetically coupling said i'irst 
a^d -ioc-ond tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed l*o couple at least some 

1S of sal J pipe sections and said electrode vriri'le electrically 
insulating said ot least some of said pi|>e suctions and said 
electrode and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipy joints are interconnected. 

3. the electrode device as set' forth in claim 1 K'heiein 
said insulating member each .of said insulated plpo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members » said first and second insulating portions 
being formed integrally with each other. 

4. iliu electrode device as set forth in claim 1 -wherein 
s&id insulating member of oitch of said insulated pipe joints 
is made oT a glass -mien molding forced from glass and mica 
pov/dcrs . 

Tho electrode device as set £ot th in claiiii 1 further 
comprising an fnsut a-ting coating profided op ar. least a portion 
of an outer surface of said insulated pipe joints. 

5. The electrode device hs set forth in claim S. wherein 
said insulating coating is:polytetr»fluorootbylene . 

The electrode device as set forth in clalJtt 6 wheryin 
SHid insulating coating comprises a resin of thermally shi'inkable 
polytetraf luoroethylene, 

r. The electrode device a 5 set forth in claim 5 vihorftin 

said insulating coating comprises a resin of dipbsnyl oxide. 

9, The electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon at . 
least a portion of said insulating coating* 

10. the til^ctrode devico as set forth in any of claims £-7 
further comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polypropylene and polyvinyl chloride, 
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11 % An electrode device for electrically beating under- 

ground depr^tp oi hydrocarbons comprising a plurality o£ inter- 
connected well pipe sections, <xn clootrode adapted to be disposed 
in an untfergrovuxs dep^it of hydrocarbons sullying electric 
current to said underground deposit, at least una insulated pipe 
joint including a first tubular member comprised of a well pipe 
section having a flamjC portion at unG Old thereof * " Second tubu- 
lar member coanpi jtS'ed of: said electrodes disponed in Eiligmuotit 
with said ±irf?t tubular member, a covfcr mcwibsr carried by caf.d 
second tubular mcuub&r having □ cap portion at one end thorco.t 
disposed in overlying relation to 9*id flange .portion above said 
firgt tubulm mOttbfrr vitn a gap therebetween, an insulating member 
disposed in £*ild gap between said flango portion and yaid cap 
portion for hermetically coupling said fir*t and second tubular 
member and for Electrically insulating said first and second 
tabular ambers from one another, cable mean? connected to said 
electrode for supplying an electric current to aald electrode and 
an insulating coating provided on *t least an outer surface of. 
vaL<i insulating pipe ^oint* 




